Abstract
INTRODUCTION
Brazil has a vast and dense hydrographic network, with waterways with a high potential to produce energy generated through the construction of large dams. The hydroelectric undertakings cause social and environmental impacts related to the relocation of the populations who live alongside the river, the alteration of the fl ow of the dammed river and the fl ora and fauna. 7 Since the 19 th century, there are records of a favoring of the culicidae population caused by the changes in the environment caused by the construction of hydroelectric dams. 9 The environmental changes can alter the population dynamics of culicidae, placing the local or migrant human population at risk of contracting diseases linked to these mosquitoes. The mosquitoes with a anthropophilic behavior constitute the possible condition of transmitting pathogens and exposure to the nuisance provoked by the action of biting when they are very abundant. 12 In the decade of the 1980s, the damming of the Parana River began to construct the Porto Primavera Hydroelectric Plant (Engineer Sergio Motta). The construction reached the cities of Bataipora and Rosana, in the states of Mato Grosso do Sul and Sao Paulo, respectively, with the fl ooding of the group of lakes of the former Sao Paulo Ecological Lake Reserves and its surroundings. In the western region of the state of Sao Paulo, the plant construction affected the municipalities of Presidente Epitacio and Caiua, alongside the left bank of the Parana and Peixe Rivers. Presidente Epitacio represents an access port of Sao Paulo state along the highway transportation system that links the South and Southeastern regions of the country with the Amazon states. In this way, the intense population movement between these regions increases the vulnerability of the areas that for some time did not present cases of malaria transmission. Presidente Epitacio and other municipalities near the Parana River were identifi ed as important centers of this disease in the state of Sao Paulo in 1980 and 1982. 16 The objective of the present study was to describe the infl uence of the environmental changes related to the Porto Primavera Hydroelectric Plant Dam on the composition of the culicidae fauna, from deforestation to the fi rst stage of fi lling, aiming at contributing to an ecological analysis of the biological vectors important to public health.
METHODS
The area studied is located in city of Presidente Epitacio (21º45'34"S e 52º06'12"W), alongside the left bank of the Parana River. It is an extensive area inundated by the Porto Primavera Hydroelectric Plant Dam, reaching part of the left bank of the Peixe River as well. The vegetation coverage is characterized by a fragment of the Semideciduous Seasonal Forest (Figure 1 ).* The collection sites ( Figure 2 ) included a fi xed site and six exploratory sites. The fi xed site was located in the Farm JB, located in front of the Sao Paulo Lake Reserve and Marsh, where the main vegetation is colonial grass (Panicum maximum) and water hyacinth (Eicchornia crassipes). The original path of the Parana River corresponded to the quota of 247m in relation to sea level. Later, between December 1998 and January 1999, this area was transformed into the path of the Porto Primavera lake (quota of 253m) with the partial fl ooding of the residual forest, cultivated area, and households.
The monthly samples of the adult mosquitoes and immature stages in the fi xed sites occurred in two periods: July 1997 through June 1998 and April 1999 through March 2000. In the exploratory sites, they occurred between the period of July 1997 through June 1998, with the sampling of adult mosquitoes with aspirators, in July and December 1997 and January and April 1998, and with a Shannon trap in July, November, and December 1997 and January, February, April and May of 1998. The sampling techniques in the fi xed sites and in the exploratory sites were aspiration, conducted by a collector in fi xed and standardized period of 15 minutes for each sample, in natural and artifi cial habitats, involving forest ecotypes, open fi elds, near homes and inside homes, before the fi lling of the lake (quota of 247m) and along the bank and forest of the dam before the lake formation (quota of 253m). Samples with Shannon 15 traps were conducted by two collectors along the forest outskirts, one in the evening, with the sample schedule stratifi ed as fi rst and second pretwilight, twilight, and fi rst, second, third, and fourth post-twilight. In the fi xed site, in the period before the fi lling of the lake, six CDC 6 traps were installed for the forest (soil and treetops), open environment (fi elds and marsh) and households (inside and surroundings) between the time period of 17:00 to 21:00h, within one meter of the ground, with the exception of the treetops with a height of 15m.
The samples of the immature specimens in large breeding areas were standardized with 30 positive ladles of 500ml (presence of larva and pupas per ladle) and in the small breeding areas, pipettes were used. 14 In the time period prior to the fi lling of the lake, seven locations were researched among natural and artifi cial breeding grounds. After the lake formation, two natural breeding grounds were analyzed.
The samples of the culicidae collected were sent for identifi cation to the laboratory at Faculdade de Saúde Pública of Universidade de Sao Paulo.
Ochlerotatus was considered as a subgenus 4 and the abbreviations for the generic names of the culicidae follow Reinert 13 (1975) .
RESULTS
The period prior to fl ooding (quota 247m), 14,932 adult culicidae were collected through aspiration techniques (5,1%), CDC traps (6,8%) and Shannon traps (88,1%) ( In the period after the fi rst fi lling (quota 253m), 5,912 adult culicidae in the fi xed site were captured, through the aspiration and Shannon trap techniques (Table 1) . These culicidae represent nine genera (Aedeomyia, Aedes, Anopheles, Coquillettidia, Culex, Limatus, Mansonia, Psorophora and Uranotaenia) ( Table 2) . The richness included a total of 31 species or groups as much for aspiration as for the Shannon trap, being that for considered this one only the females. Aspiration capture resulted in 425 (7.2%) specimens (190 males and 235 females). Through this technique, the presence The fi rst rise in the level of the water (quota 253m) in the plains of the Parana and Peixe rivers, the natural breeding sites of the genera Aedes and Psorophora were fl ooded. This may have infl uenced the lower density of adult mosquitoes and the absence of immature specimens of these species. Meanwhile, an increase in the population density of the adults of the genera Anopheles, Culex (Melanoconion), Mansonia and Uranotaenia, and for the immature stages of the genera Aedeomyia, Anopheles, Culex (Melanoconion) and Uranotaenia was observed, suggesting this as a result of the fl ooding. It is possible that this fact is related to the ecological conditions favorable to the proliferation of mosquitoes from these groups. The accumulation of the aquatic vegetation in the dam may have favored this population growth. The expansion of the macrophites on the banks of the reservoir expanded the area of the culicidae associated with this vegetation. In this case, Ad. squamipennis was one of the predominant species, which was also observed by Lopes & Lozovei 8 (1995) in the north of the state of Parana. This suggests the potential risk of the circulation of the virus Gamboa (Bunyavirus) which up until now was transmitted primarily by this species, 2 and the natural vector of bird malaria in Venezuela. A total of 944 immature specimens were collected, from 34 species or groups and ten genera (Table 2) in the period prior to the fi lling of the lake. The presence of Ae. terrens, An. deaneorum, Cx. (Phenacomyia) corniger, Li. durhami and Orthopodomyia was registered. After the completion of the dam, 1,201 specimens from 27 species or groups and four genera (Table 2) It was observed that some species of culicidae, among adults and immature specimens, presented an increase or decrease in their population, after the fi rst fi lling of the dam in a fi xed site (Table 2) .
DISCUSSION
The biodiversity of the area studied was already altered due to the devastation and installation of agriculture and cattle ranching. With the formation of the Porto Primavera Dam, new environmental changes occurred, interfering in the culicidae population, a fact previously observed by other authors. vegetation, 4 a fact which may explain the reduction of the Coquillettidia population and the growth of the Mansonia population soon after the fi lling of the reservoir. The Mansonia species, while not pathogen vectors in Brazil, cause a large nuisance to the human and animal population. Tadei* (1996) reported that of the total of culicidae sampled after the fi lling of the Tucurui reservoir (Para state), 97.1% were Mansonia, with an absolute predominance of Ma. titillans (96.0%). The nuisance caused by this species in the residential area was an average of 612 mosquitoes per man/hour. In Porto Primavera, among the mosquitoes Mansonia present in the study, Ma. humeralis was the most abundant species, tending to represent a problem similar to that mentioned in Tucurui.
Anopheles darlingi found favorable conditions for its proliferation after the fi lling of the reservoir, a fact that merits accompaniment as this is the primary vector mosquito of malaria. 4 Specimens of the group Cx. (Melanoconion) were abundant and may introduce arboviruses in anthropic environments. This is because they present suffi cient ecological valiance to be able to permit the evolution of habitats in the sense of domestication, 3 and they are responsible for the sylvatic cycle of enzootic of arbovirus. 12 Almirón & Brewer 1 (1996) observed that the genus Uranotaenia was collected along the banks of lakes and lagoons, associated with the species of the genera Anopheles and Culex, in various places covered with aquatic vegetation, like that found in the Porto Primavera Dam.
The detection of Ae. aegypti in the rural area was atypical. Even though it can be considered a sporadic encounter, this information suggests an attempt to disperse the population through the focus on the urban areas of the city of Presidente Epitacio, situated 20 km from the sample site.
The option of employing various entomological techniques to explore aquatic and land sites permitted the recognition of a large number of species or groups of culicidae fauna. On the other hand, the environmental changes caused by the formation of the lake limited the collection sites and affected the populations as refl ected by the alteration of the predominance of the specifi c composition of the mosquitoes. Among these, those of specifi c importance to public health stand out, which indicates the need for a constant monitoring of the area surrounding the dam.
